US009310007B2

a2 United States Patent

Holland

US 9,310,007 B2
Apr. 12,2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(63)

(60)

(1)

(52)

POSITIVE SEAL COUPLING SYSTEM

Applicant: Marubeni-Itochu Tubulars America
Inc., Houston, TX (US)

Inventor: David Michael Holland, East Aurora,
NY (US)

Assignee: Marubeni-Itochu Tubulars America
Inc., Houston, TX (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

Appl. No.: 14/515,260

Filed: Oct. 15, 2014

Prior Publication Data
US 2015/0054275 Al Feb. 26, 2015

Related U.S. Application Data

Continuation of application No. 14/255,696, filed on
Apr. 17, 2014.

Provisional application No. 61/813,470, filed on Apr.
18, 2013.

Int. Cl1.

F16L 21/00 (2006.01)

F16L37/10 (2006.01)

F16L 21/02 (2006.01)

F16L 21/08 (2006.01)

F16L 1/10 (2006.01)

U.S. CL

CPC ... F16L 37/105 (2013.01); F16L 1/10

(2013.01); F16L 21/022 (2013.01); F16L 21/08

(2013.01); Y10T 29/49826 (2015.01); Y10T
29/49885 (2015.01); Y10T 29/5367 (2015.01)
(58) Field of Classification Search
USPC 285/417,9.2,382-382.4, 369, 40
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,328,608 A

5,709,417 A
6,059,321 A *

5/1982 Gibson
1/1998 Verbeck

5/2000 Lyall, IIT 285/24

* cited by examiner

Primary Examiner — Aaron Dunwoody
(74) Attorney, Agent, or Firm — Bracewell LLP; Constance
Gall Rhebergen

(57) ABSTRACT

A hollow coupling for joining together two pipe ends and
having a center, two coupling ends, and an inner profile. The
inner profile can include a serrated section having a plurality
of'threads extending radially around the inner diameter of the
coupling, a curved section proximate the serrated section and
defining a recess for the deposition of debris and other mate-
rial during installation of a pipe into the coupling, a smooth
section adjacent an end of the coupling and having a diameter
slightly less than the outside diameter of a pipe to be inserted
into the coupling, and a transition section between the curved
section and the smooth section, the transition section having
a smooth, rounded profile that minimizes stress concentra-
tions.

20 Claims, 18 Drawing Sheets
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POSITIVE SEAL COUPLING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of co-pending U.S.
patent application Ser. No. 14/255,696, filed Apr. 17, 2014,
which claims priority to and the benefit of U.S. Provisional
Patent Application Ser. No. 61/813,470, which was filed Apr.
18, 2013, the full disclosures of which are hereby incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present technology relates to the assembly of pipe
lines, and in particular to a positive seal coupling for joining
pipes without welding, as well as an apparatus for pressing
threadless pipe axially into a positive seal coupling to form a
string of pipeline.

BACKGROUND

Pipes used, for example, in oilfield pipelines, have been
joined end-to-end to transport oil or other fluids from place to
place. Often, pipelines have been joined by such methods as
threading, welding, bolting, and the like. However, problems
have developed with each of these pipe joining methods. For
example, threaded connections loosen, leading to leaking of
fluids from the joints. Connections made by welding, or
bolted flanges, are labor intensive to install, and can be costly
to manufacture.

To solve some ofthese problems, alternative solutions have
been proposed. For example, a tubular coupling member can
be employed to accept the ends of adjacent pipe sections. If
the inner diameter of the tubular coupling member is slightly
smaller than the outer diameter of the pipes, and the pipes are
forced into the coupling, an interference fit is created that is
secure and can be resistant to leakage. For example, such a
coupling is disclosed in U.S. Pat. No. 5,709,417, the disclo-
sure of which is incorporated herein by reference. This cou-
pling, however, can be improved. For example, certain
aspects of the interior profile of this coupling can be suscep-
tible to stress concentrations, which create a need for thicker
coupling walls to ensure adequate coupling strength.

In addition, there are known methods of making up cou-
pling/pipe assemblies such as those discussed above. For
example, one method is to use a joining machine such as that
disclosed in U.S. Pat. No. 4,328,608, the disclosure of which
is hereby incorporated herein by reference. Such a device
grips the coupling and the pipe, and uses hydraulic force to
push the pipe into the coupling. Despite the ability of such a
machine to help make up the coupling/pipe assemblies, how-
ever, further improvements can be made. For example,
greater precision and more reliable joints can be made up by
closer monitoring of operational parameters while the pipe
joints are assembled.

SUMMARY OF THE INVENTION

One embodiment of the present technology provides a
hollow coupling for joining together two pipe ends and hav-
ing a center, two coupling ends, and an inner profile. The inner
profileincludes a serrated section having a plurality of threads
extending radially around the inner diameter of the coupling,
acurved section proximate the serrated section and defining a
recess for the deposition of debris and other material during
installation of a pipe into the coupling, and a smooth section
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adjacent an end of the coupling and having a diameter slightly
less than the outside diameter of a pipe to be inserted into the
coupling. The inner profile also includes a transition section
between the curved section and the smooth section, the tran-
sition section having a smooth, rounded profile that mini-
mizes stress concentrations.

In some embodiments, the inner profile of the hollow cou-
pling can include a center section at the center of the coupling
proximate the serrated section and having a smooth profile
surface. In addition, the threads can be inwardly directed
toward the center of the coupling. The threads can be discrete
circumferential threads that act as redundant metal to metal
seals against a pipe end inserted into the coupling, or alter-
nately, a portion of the threads can be helical threads that
penetrate the outer surface of a pipe end inserted into the
coupling to create mechanical resistance against separation of
the coupling and the pipe. Furthermore, the inner profile can
further include a pipe end receiving section between the end
of the coupling and the smooth section, the diameter of the
pipe end receiving section tapered from a diameter larger than
the outer diameter of the pipe ends to the diameter of the
smooth section.

Another embodiment of the present technology provides a
hollow coupling for joining together two pipe ends and hav-
ing an inner profile, the inner profile including a plurality of
serrations extending over at least a portion of the inner profile,
and first and second end serrations. The first end serration can
bound the plurality of serrations at a first end, and provide a
transition from a smooth outer surface of the inner profile to
the serrations, and the second end serration can bound the
plurality of serrations at a second end, and provide a transition
from the serrations to a smooth central surface of the inner
profile.

In some embodiments, the first end serration has a first
radius and a second radius, the first radius originating at the
smooth surface and curving inwardly toward the axis of the
coupling, and the second radius originating from the first
radius, and curving away from the axis of the coupling toward
the plurality of serrations. Similarly, the second end serration
has a first radius and a second radius, the first radius originat-
ing at the plurality of serrations and curving away from the
axis of the coupling, and the second radius originating from
the first radius and curving inwardly toward the axis of the
coupling toward the smooth central surface of the profile. The
first and second radii of the first and second end serrations can
have rounded profiles that reduce stress concentrations in the
coupling.

In some embodiments, the plurality of serrations can be
inwardly facing toward a center of the coupling. A portion of
the serrations can be helical serrations, and a portion of the
serrations can be circumferential serrations. Alternately, all of
the serrations can be circumferential serrations. Furthermore,
the plurality of serrations can each have a tip that extends
inwardly toward the longitudinal axis of the coupling a suf-
ficient distance to engage the pipe ends and create mechanical
resistance against the separation of the pipe ends from the
coupling. In certain exemplary embodiments, the first and
second radii of the first end serration can about 0.75 inches
and about 0.25 inches respectively. In another exemplary
embodiment, the first and second radii of the second end
serration can be about 1.5 and about 0.5 inches respectively.

Yet another embodiment of the present technology pro-
vides a coupling for joining together pipe ends and having a
first side with a first end and a second side with a second end.
The coupling has an inner profile that includes first and sec-
ond serrated sections proximate the center section on the first
and second sides of the coupling respectively, the first and
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second serrated sections having a plurality of threads extend-
ing radially around the inner diameter of the coupling. The
inner profile further includes first and second curved sections
proximate the first and second serrated sections respectively,
each of'the first and second curved sections defining a recess
for the deposition of debris and other material during instal-
lation of the pipe ends into the coupling. In addition, the inner
profile can include first and second smooth sections adjacent
first and second ends of the coupling, the first and second
smooth sections having a diameter slightly less than the out-
side diameter of the pipe ends to be inserted into the coupling,
as well as first and second transition sections between the first
and second curved sections and the first and second smooth
sections respectively, each of the first and second transition
sections having a smooth, rounded profile that minimizes
stress concentrations.

In some embodiments, the inner profile further may have a
center section at the center of the coupling proximate the first
and second serrated sections, the center section having a
smooth profile surface. Furthermore, the threads of the first
and second serrated sections can be discrete circumferential
threads that act as redundant metal to metal seals against the
pipe ends inserted into the coupling. Alternately, at least a
portion of the threads of the first and second serrated sections
can be helical, and penetrate the outer surface of the pipe end
inserted into the coupling to create mechanical resistance
against separation ofthe coupling and the pipe. The threads of
the first and second serrated sections can be inwardly facing
toward a center of the coupling. In some embodiments, the
hollow coupling can also include an annular gasket posi-
tioned at the center of the coupling for preventing direct
contact between the pipe ends when inserted into the cou-
pling, and for forming a redundant seal between the coupling
and the pipe ends. In addition, the inner profile can further
include first and second pipe end receiving sections between
the first and second ends of the coupling and the first and
second smooth sections respectively, the diameter of the first
and second pipe end receiving sections tapered from a diam-
eter larger than the outer diameter of the pipe ends at the first
and second ends ofthe coupling to the diameter of the first and
second smooth sections.

BRIEF DESCRIPTION OF THE DRAWINGS

The present technology will be better understood on read-
ing the following detailed description of nonlimiting embodi-
ments thereof, and on examining the accompanying draw-
ings, in which:

FIG. 1 is a side partial cross-sectional view of a coupling
with pipe assembly according to an embodiment of the
present technology;

FIG. 2 is a partial cross-sectional view of a positive seal
coupling as indicated by area 2 of FIG. 1;

FIG. 3 is across-sectional view of afirst end serration of the
positive seal coupling as indicated by area 3 of FIG. 2;

FIG. 4 is across-sectional view of a second end serration of
the positive seal coupling as indicated by area 4 of FIG. 2;

FIG. 5 is a perspective view of a pipe end according to an
embodiment of the present technology, including tools for
measuring the outer diameter of the pipe end;

FIG. 6 is a perspective view of a pipe end according to an
embodiment of the present technology, including a tool for
measuring the depth of insertion of the pipe;

FIG. 7 is a fragment, partial cross-sectional view of the
spacer ring gasket (SRG) positioned in the middle smooth
bore section of the coupling by using the SRG seating tool;
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FIG. 8A is a left perspective view of a field joining unit for
making up the coupling with pipe assembly;

FIG. 8B is an enlarged view of the areca 8B of FIG. 8A, and
includes a close up view of the beam rollers attached to the
travelling block assembly;

FIG. 9 is a right perspective view of the field joining unit
shown in FIG. 8A;

FIG. 10 is a front perspective view of the field joining unit
shown in FIGS. 8A and 9 where the operator oversee the
coupling/pipe make-up process;

FIG. 11A is a bottom perspective view of the field joining
unit shown in FIGS. 8A, 9, and 10;

FIG. 11B is an enlarged view of the area 11B of FIG. 11A,
and includes a close up view of the beam rollers attached to
the travelling block assembly;

FIG. 12 is a top view of the field joining unit shown in
FIGS. 8A and 9-11A, with some components removed;

FIG. 13 is a back view of the field joining unit shown in
FIGS. 8A, 9-11A, and 12; and

FIG. 14A is a screen shot of the main menu screen of the
PSCIDMS software;

FIG. 14B is a screen shot of the SETUP screen of the
PSCIDMS software;

FIG. 14C is a MONITORING screen of the PSCIDMS
software;

FIG. 14D is a REVIEW screen of the PSCIDMS software;

FIG. 14E is an alternate REVIEW screen of the PSCIDMS
software;

FIG. 14F is a DISK MGMT screen of the PSCIDMS soft-
ware; and

FIG. 14G is a CALIBRATION (Channel Setup) screen of
the PSCIDMS software.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

The foregoing aspects, features, and advantages of the
present technology will be further appreciated when consid-
ered with reference to the following description of preferred
embodiments and accompanying drawings, wherein like ref-
erence numerals represent like elements. In describing the
preferred embodiments of the technology illustrated in the
appended drawings, specific terminology will be used for the
sake of clarity. However, the embodiments are not intended to
be limited to the specific terms used, and itis to be understood
that each specific term includes equivalents that operate in a
similar manner to accomplish a similar purpose.

FIG. 1 is a side partial cross-sectional view of a coupling
with pipe assembly 10 according to an embodiment of the
present technology. The assembly 10 includes a positive seal
coupling 12 and pipe sections 14. The coupling with pipe
assembly 10 can also include spacer ring gasket (SRG) 16. In
the assembled state, as shown in FIG. 1, the pipes 14 are
inserted into the coupling ends 18 of the positive seal cou-
pling 12 until the pipe ends 20 reach a predetermined dis-
tance, with the spacer ring gasket (SRG) 16 positioned in
between. The SRG serves as a protective bumper between the
pipe ends upon completion of the make-up and it also forms
a redundant seal when it is energized between the pipe ends.
The interior surface 22 of the positive seal coupling 12 is
profiled as shown in FIG. 2 to help prevent movement of the
pipes 14 relative to the positive seal coupling 12 after the
coupling assembly 10 has been assembled.

Referring to FIG. 2, there is shown a representative cross-
section of the positive seal coupling 12 as indicated by area 2
in FIG. 1, showing the internal profile of one side of the
positive seal coupling 12. The internal profile of the positive
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seal coupling 12 has a number of different sections, each of
which performs a distinct function. For example, an outer-
most section 21 has a short cylindrical surface 21A thathas a
diameter slightly larger than the outer diameter of the pipe 14
being joined. This section guides the end of the pipe 14 into
the positive seal coupling 12. The surface 21A leads to an
inwardly inclined surface 21B. Then, the surface 21B leads to
another cylindrical surface 21C that has a diameter slightly
less than the outer diameter of the pipe 14 being joined. This
section serves at least three purposes. One is to remove any
ovality in the pipe 14. A second is to align the axis of the pipe
14 with the axis of the coupling 12. A third is to pre-stress the
pipe 14 for insertion into subsequent sections of the coupling
12.

Section 23 is curved, providing an area for excess epoxy
(applied as discussed in more detail below), as well as any
debris to be deposited without interfering with the connec-
tion. The transition section 25, between sections 21C and 23,
is smooth, thereby reducing any stress concentrations in this
section of the coupling 12.

Section 27 provides a plurality of inwardly directed helical
serrations 24. This plurality of inwardly directed helical ser-
rations 24 penetrate the outer surfaces of the pipes 14 when
the pipes are inserted into the positive seal coupling 12,
thereby creating a mechanical resistance to the separation of
the pipe 14 and coupling 12. Section 29 provides a plurality of
inwardly directed circumferential serrations 31. One purpose
of section 29 is to add additional resistance to the separation
of the pipe 14 and coupling 12, and another is to seal the
connection. If the entire threaded section of the coupling 12
had helical serrations 24, there would be a path for the liquid
in the pipeline to leak from the joint. Thus, the circumferential
serrations 31 act as redundant metal to metal seals to ensure a
leak proof connection. In alternative embodiments, all of the
serrations, along both sections 27 and 29, could be circum-
ferential serrations 31. The serrations 24, 31 are bounded on
either end with first and second end serrations 26, 28 that are
shaped differently from the inward directed serrations 24, 31.
Middle section 33 provides a space for the spacer ring gasket
(SRG) 16, which helps to provide an additional seal between
the ends of each pipe section.

FIG. 3 shows an enlarged cross-sectional view of a portion
of' the positive seal coupling 12, including the first end serra-
tion 26. Two different profiles are shown for first end serration
26, including profile 26A, and profile 26B. Profile 26 A rep-
resents profiles used previously on positive seal couplings 12.
As can be seen, profile 26 A includes sharper corners 35, 30
than profile 26B. Profile 26B is softer and more rounded. In
the particular embodiment shown, profile 26B includes a first
radius 32 of about 0.75 inches, and a second radius 34 of
about 0.25 inches. These two radii are coupled to provide a
gradual transition from the first end serration 26 to a flat
portion 38 of the positive seal coupling 12. Of course, the
exact dimensions of the radii are not critical, but can be
changed according to the design needs of a particular cou-
pling.

Similarly, FIG. 4 shows an enlarged cross-sectional view
of a portion of the positive seal coupling 12, including the
second end serration 28. Again, two different profiles are
shown for second end serration 28, including profile 28A, and
profile 28B. Profile 28A represents profiles used previously
on positive seal couplings 12. As can be seen, the corners 36,
38 of profile 28A are sharper than the curves of profile 28B.
Profile 28B is softer and more rounded. In the embodiment
shown, profile 28B includes a first radius 40 of about 1.5
inches, and a second radius 42 of about 0.5 inches. Of course,
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the exact dimensions of the radii are not critical, but can be
changed according to the design needs of a particular cou-
pling.

One benefit of providing first and second end serrations 26,
28 with profiles 26B, 28B is that the softening, or rounding of
the contours leads to reduced stress concentrations in the end
serrations 26, 28 when the coupling assembly 10 is under
load. This reduction in stress concentrations allows for the use
of'a positive seal coupling 12 having a reduced thickness over
those couplings known in the art. For instance, in one
example, changing the profile of the end serrations 26, 28 as
disclosed herein allows for a reduction in coupling thickness
from about 0.554 inches to about 0.421 inches. Such a sig-
nificant reduction in thickness is advantageous because it
means lower material costs to manufacture the coupling, and
lower shipping and transportation costs to transport the cou-
pling to a job site.

It is to be understood that each coupling 12 is application
specific. Thus, the coupling 12 dimensions are determined
based on the pipeline specifications (e.g., pipe size, pipe
thickness, line pressure, etc.) using advanced computer-aided
numerical analysis techniques. This means that the perfor-
mance of the coupling does not vary from one application to
the next. Accordingly, although specific dimensions and tol-
erances have been disclosed above, the present technology
anticipates that those dimensions and tolerances can deviate
according to the design of a specific coupling assembly with-
out departing from the spirit and scope of the invention.

Assembly of the coupling assembly 10 of the present tech-
nology is a simple process that can be efficiently accom-
plished. Initially, the surface of the pipe 14 near its end 20 is
cleaned. This cleaning can be accomplished using, for
example, a sand blaster, or any other appropriate means. The
surface of the pipe 14 can typically be cleaned until it reaches
a “‘near white”” metal condition over the insertion depth, equal
to one half the length of the positive seal coupling 12.

Once the pipe end has been cleaned over at least the inser-
tion depth (about ¥ of the coupling length), the outer diam-
eter of the pipe 14 can be measured near the end 20 thereof, as
shown in FIG. 5. Typically, the outer diameter is checked for
API 5L tolerance conformance. In one embodiment, this
measurement can be taken using precision “Go & No-Go”
ring gauges 44, 45. The desired outer diameter of the pipe 14
is slightly larger than the inner diameter of the positive seal
coupling 12, so that when the pipe 14 is fit into the positive
seal coupling 12 there is an interference fit between them. To
measure the outside diameter using the ring gauges 44, 45, an
operator first slides ring gauge 45 onto the pipe insertion end
of the pipe 14 to check if the outer diameter is above the
maximum diameter allowance. Then, the operator can slide
the ring gauge 44 onto the pipe insertion end of the pipe 14 to
check if the outer diameter is below the minimum diameter
allowance. Once the outer diameter of the pipe 14 has been
verified, the thickness of the pipe wall can be checked to
verify that it is within appropriate tolerances. Typically, the
thickness of the pipe 14 should be within API 5L tolerance
conformance. The pipe wall thickness measurement can be
taken using a precision ultrasonic steel thickness gauge (not
shown), or any other appropriate tool.

Next, as shown in FIG. 6, the correct insertion depth D is
measured, and can be marked on the exterior surface of the
pipe end. This measurement can be taken using a depth mea-
suring tool 46. In FIG. 6, the depth measuring tool 46 has a
semi-cylindrical shaped body 48 attached to an end face 50.
The semi-cylindrical shaped body 48 is attached to the end
face 50 and has the length D. To measure the correct insertion
depth D, an operator fits the semi-cylindrical shaped body 48
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of the depth measuring tool 46 on the surface of the pipe 14,
and slides it along the surface of the pipe 14 until the end face
50 contacts the end 20 of the pipe 14. The operator can then
mark the correct insertion depth D on the pipe 14 by placing
a mark at the end of the semi-cylindrical shaped body 48 of
the depth measuring tool 46.

The next step can be to optionally apply a lubricant/sealant
to the exterior surface of the pipe 14 near the pipe end 20. The
lubricant/sealant can be a specially formulated epoxy. This
lubricant/sealant can also be applied over the full insertion
depth of the interior of the positive seal coupling 12. The
lubricating properties of the lubricant/sealant help the pipe 14
to slide into the positive seal coupling 12 during assembly.
The epoxy can serve as a lubricant. It can prevent metal
galling during pipe end insertion. In addition, the epoxy cures
to form a secondary seal around the pipe ends and throughout
the coupling-to-pipe interfacial surface.

FIG. 7 shows the step of inserting the spacer ring gasket
(SRG) 16 into the positive seal coupling 12. The spacer ring
gasket 16 serves as a bumper to prevent pipe end abutment
damage. The spacer ring gasket 16 also forms a redundant
seal at the interface between the pipe ends 20. The spacer ring
gasket 16 is inserted after insertion of one, but not both, pipe
ends 20. That is, after the coupling 12 is engaged with one
pipe end 20, the spacer ring gasket can be introduced into the
coupling 12 by a spacer ring gasket seating tool 52. The
spacer ring gasket seating tool 52 has an outer diameter along
an end portion 54 that is slightly less than the internal diam-
eter of the positive seal coupling 12. In practice, the spacer
ring gasket seating tool 52 pushes the spacer ring gasket 16
into the coupling until the spacer ring gasket 16 abuts the pipe
end 20 that is already inserted into the positive seal coupling
12. Thereafter, the spacer ring gasket seating tool 52 can be
removed from the positive seal coupling 12, leaving the
spacer ring gasket 16 in place near the center of the positive
seal coupling 12. In the embodiment shown in FIG. 7, the
spacer ring gasket seating tool 52 has a shoulder 56 that limits
the distance the spacer ring gasket seating tool 52 can enter
into the positive seal coupling 12.

After application of the lubricant/sealant to the pipe 14 and
positive seal coupling 12, and insertion of the spacer ring
gasket 16, the pipe 14 is inserted into the positive seal cou-
pling 12 to complete the coupling/pipe assembly 10. The
insertion process includes hydraulically pressing the pipe end
20 into the positive seal coupling 12 for a controlled mechani-
cal interference fit. This mechanical interference fit produces
a metal-to-metal seal between the positive seal coupling 12
and the pipe 14. This insertion can be accomplished using a
field joining unit 58, as discussed herein below. Once the
coupling/pipe assembly 10 is complete, an external coating
can be applied to the pipe 14 and positive seal coupling 12 if
desired. Alternatively, such an external coating can be applied
to the positive seal coupling 12 prior to assembly with the pipe
14.

In some embodiments the positive seal coupling 12 is
designed to connect pipe 14 having a diameter of between
about 2 inches and about 12 inches, and can be API 5L PSL2
Grade Bup through any ‘X’ Grade and any corrosion resistant
alloy (CRA) grade, schedule 5 through 160/XXS. One advan-
tage of the coupling/pipe assembly 10 of the present technol-
ogy is that it does not require welding or X-ray radiography.
The positive seal coupling 12 allows for the connection of
internally coated line pipe without damage to the internal
coating. In addition, the positive seal coupling 12 connects
externally coated line pipe without damage to the external
coating, and eliminates the need for field girth weld coating,
shrink sleeve or field joint tape wraps. Additional advantages
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of the coupling/pipe assembly 10 are that the assembly pro-
cess does not require significant pipe end preparation, there is
no internal flow restriction through the pipes at the coupling,
and construction of the joints is two to four times faster than
welded construction.

Referring now to FIG. 8A, there is shown field joining unit
58 according to an embodiment of the present technology.
The purpose of the field joining unit 58 is to push the end 20
of'the pipe 14 into the coupling 12, and to repeat this action on
adjacent sections of the newly coupled pipe joint, thereby
creating a pipeline. The field joining unit 58 includes a main
frame 60, a stationary block assembly 62, and a traveling
block assembly 64.

The stationary block assembly 62 is mounted to the main
frame 60, and includes two coupling doors 66 with coupling
slips 68 (best shown in FIG. 9) mounted therein. The coupling
doors 66 and coupling slips 68 are designed to close around
the coupling 12, and to hold the coupling 12 firmly in place.
The coupling doors 66 can be opened and closed by the
coupling door cylinders 70 having the coupling cylinder rods
72 attached to the coupling doors 66. The coupling door
cylinders 70 can be remotely actuated to open and close the
coupling doors from a multi-station directional control valve
with handlevers 69 mounted on a control panel 88 (discussed
in greater detail below). The multi-station directional control
valve has a built-in pressure reducing valve (not shown) in
hydraulic communication with the coupling door cylinders
70 to generate the proper hydraulic pressure to close the
coupling doors 66 firmly and hold the coupling 12 in place.
Also, a coupling door cylinder pressure gauge 71 (best shown
in F1G. 12) can be mounted on the control panel 88 to monitor
the coupling doors’ hydraulic pressure. This arrangement
helps to prevent any axial movement between the coupling
slips 68 and the coupling 12.

The use of two coupling doors 66 helps to distribute bear-
ing pressure between the coupling 12 and the coupling slips
68 more evenly along the length of the coupling 12, thereby
minimizing the potential for uneven deformation in the cou-
pling 12. In addition, the use of coupling slips 68 allows the
couplings 12 to be gripped using interfacial bearing pressure
and frictional gripping forces uniformly around the coupling
12 over the portion of the coupling 12 gripped by the coupling
slips 68.

The traveling block assembly 64 sits on the beam rollers
74, as best shown in FIGS. 8B and 11B, and can slide longi-
tudinally on the roller support beams 75 attached to the main
frame 60. The traveling block assembly 64 also includes two
pipe doors 76 with pipe slips 78 mounted therein. The pipe
doors 76 and pipe slips 78 are designed to close around the
pipe 14, and to hold the pipe 14 firmly. The pipe doors 76 can
be opened and closed by the pipe door hydraulic cylinders 80
having the pipe door cylinder rods 82 attached to the pipe
doors 76. The pipe door hydraulic cylinders 80 are also
remotely actuated to open and close the pipe doors 76 from
the multi-station directional control valve with handlevers 69,
which is mounted on the control panel 88. The multi-station
directional control valve has a built-in pressure reducing
valve (not shown) in hydraulic communication with pipe door
hydraulic cylinders 80 to generate the proper hydraulic pres-
sure to close the pipe doors 76 firmly and hold the pipe 14 in
place. Also, a pipe door cylinder pressure gauge 81 (best
shown in FIG. 12) is mounted on the control panel 88 to
monitor the pipe door hydraulic pressure. This arrangement
helps to prevent any relative axial movement between the pipe
slips 78 and the pipe 14. When the pipe 14 is gripped by the
pipe doors 76, and the coupling 12 is gripped by the coupling
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doors 66, the longitudinal axis of the pipe 14 is co-linear with
the longitudinal axis of the coupling 12.

The use of two pipe doors 76 helps to distribute bearing
pressure between the pipe 14 and the pipe slips 78 more
evenly along the length of the pipe 14, thereby minimizing the
potential for uneven deformation in the pipe 14. In addition,
the use of pipe slips 78 allows the pipes 14 to be gripped using
interfacial bearing pressure and frictional gripping forces
uniformly around the pipe over the portion of the pipe 14
gripped by the pipe slips 78. Interfacial bearing pressure and
frictional gripping force needed between the pipe slips 78 and
the pipe 14 are calculated based on factors such as the pipe
size, wall thickness, and steel grade so that the pipe 14 cannot
slide inside the pipe slips 78 during the coupling/pipe make-
up process. This is advantageous to some other known pipe
gripping apparatuses that use other mechanisms, such as saw-
toothed cutting teeth for biting into the outer surfaces of the
pipe 14, because the pipe slips 78 avoid causing damage to
localized places on the pipe surface. If desired, a gripping pad
(such as, for example, screen sand paper) can be wrapped
around the pipe 14 to increase the friction force between the
pipe slips 78 and the pipe 14.

Two ram cylinders 84 are attached to the main frame 60.
The ram cylinders 84 have the ram cylinder rods 86 attached
to the traveling block assembly 64, so that as they retract or
extend, they move the traveling block assembly 64 along the
support beams 75 on the beam rollers 74. The ram cylinders
84 are aligned parallel to the axis of the coupling 12 and the
pipe 14, so that as the ram cylinder rods 86 retract toward and
extend away from the ram cylinders 84, the pipe 14 is moved
toward and away from the coupling 12, respectively. In prac-
tice, the coupling 12 is gripped by the coupling doors and
slips 66, 68, the pipe 14 is gripped by the pipe doors and slips
76, 78, and the ram cylinders 84 are activated to pull the
traveling block assembly 64 toward the stationary block
assembly 62 until the pipe 14 is forced into the coupling 12.
By using a retractive force to pull the pipe 14 into the coupling
12, potential buckling of the ram cylinder rods 86 is mini-
mized since the ram cylinder rods 86 are under tensile force
instead of compressive force. A linear displacement trans-
ducer can be built into at least one of the ram cylinders 84 to
monitor the pipe insertion depth more accurately compared to
the traditional visual monitoring.

Additional components can be added to the field joining
unit 58 to aid in guiding and joining the pipe 14 to the
coupling 12. For example, a ladder 87, attached to the main
frame 60, can be provided to provide operator access to the
work area of the field joining unit 58. In addition, floor plates
89 can be provided so that an operator can access the assem-
bly area to help the process, such as, for example, to guide the
coupling 12 into the coupling doors 66, to position the spacer
ring gasket (SRG) 16 inside the coupling 12, or to apply the
epoxy coating to the outer surface of the end 20 of the pipe 14
or the inner surface of the coupling 12.

In addition, one pipe lift vee roller 91 can be installed on the
traveling block assembly side of the field joining unit 58 to
support the pipe 14 and coupling 12 make-up process by
helping to raise or lower the pipe 14 or the pipe joints, and
moving the pipe joints along the pipeline. The vee roller 91
can be attached to a lift shaft assembly 101 having a shaft 103
that can rotate either clockwise or counterclockwise inside
pillow block bearings 105 and the split sleeve bearings 107,
which are attached to the main frame 60. The lift shaft assem-
bly 101 can be rotated by the pipe lift cylinders 112 having
pipe lift cylinder rods 114 (best shown in FIG. 11A). The pipe
lift cylinders 112 can be remotely actuated from the multi-
station directional control valve with handlevers 69 mounted
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on the control panel 88. Also, the pipe lift cylinder pressure
gauge 109 is mounted on the control panel 88 to monitor the
hydraulic pressure in the pipe lift cylinders 112.

An additional pipe guide vee roller 97, installed between
the pipe doors 76 and the coupling doors 66, can be provided
to support and guide the pipe 14 as it is forced into the
coupling 12. The pipe guide vee roller 97 can be raised and
lowered by a pipe guide cylinder 115 having the pipe guide
cylinder rod 116 attached to the pipe guide vee roller 97. The
pipe guide cylinder 115 can be remotely actuated from the
multi-station directional control valve with handlevers 69,
which is mounted on the control panel 88. Furthermore, the
upright rollers 99 with mounts 117 attached to the main frame
60, can be provided to guide the pipe 14 into the pipe doors 76
and also guide the pipe 14 or the pipe joints move longitudi-
nally along the pipeline. In addition, a coupling support Vee
roller 118 can be installed next to the coupling doors 66 and
attached to the main frame 60 to support the coupling 12 when
positioning the coupling 12 into the coupling doors 66.

In addition, another pipe lift vee roller 91 can be installed
on the stationary block assembly side of the field joining unit
58 to raise the coupling 12 and guide the coupling 12 into the
coupling doors 66, to support the pipe 14 and coupling 12
make-up process by helping to raise or lower the pipe 14 or
the pipe joints, and moving the pipe joints along the pipeline.
The vee roller 91 can be attached to a lift shaft assembly 101
having a shaft 103 that can rotate either clockwise or coun-
terclockwise inside pillow block bearings 105 and the split
sleeve bearings 107, which are attached to the main frame 60.
The lift shaft assembly 101 can be rotated by the pipe lift
cylinders 120 having pipe lift cylinder rods 121. The pipe lift
cylinders 120 can be remotely actuated from the multi-station
directional control valve with handlevers 69 mounted on the
control panel 88. Also, the pipe lift cylinder pressure gauge
111 is mounted on the control panel 88 to monitor the hydrau-
lic pressure in the pipe lift cylinders 120.

During operation of the field joining unit 58, some or all of
the hydraulic cylinders can be remotely controlled from a
control panel 88, which can be mounted to a cantilevered
overhanging structure 90. The cantilevered overhanging
structure 90 is attached to the main frame 60, and can include
a lifting plate 92. The lifting plate 92 can be suspended by a
pipelay sideboom tractor (not shown) or other piece of equip-
ment via a lifting anchor shackle and a master link (not
shown). In this way, the equipment can move the field joining
unit 58 down the pipeline from one coupling/pipe insertion to
the next.

FIG. 10 shows the control panel 88. As can be seen, the
field joining unit 58 can include a multi-station directional
control valve with handlevers 69 to remotely control the pipe
door cylinders 80, the coupling door cylinders 70, the pipe lift
cylinders 112, 120, and the pipe guide cylinder 115. The field
joining unit 58 also includes a one-station directional control
valve with a handlever 113 to control the movement of the
ram cylinders 84. In addition, the field joining unit 58 can
include pressure gauges 81 to monitor the pipe door cylinders
80 pressure, 109 to monitor the pipe lift cylinders’ 112 pres-
sure on the pipe door side, 111 to monitor the pipe lift cylin-
ders’ 120 pressure on the coupling door side, 119 to monitor
the ram cylinders 84 differential pressure (between the piston
chamber side and the rod chamber side), and 71 to monitor the
coupling door cylinders 70 pressure (as shown, for example,
in FIGS. 10 and 12). An operator platform 93 can also be
mounted to the main frame 60 of the field joining unit 58 to
allow easy and safe access to the control panel 88 by the
operator.
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The monitoring of the pressure in the pipe door cylinders
80 and the coupling door cylinders 70 allows an operator to
more effectively prevent the pipe 14 and coupling 12 from
undergoing plastic deformation or damage, and to ensure that
enough bearing pressure is being generated to hold the pipe
14 and the coupling 12 in the pipe door slips 78 and coupling
door slips 68 while the end 20 of the pipe 14 is being forced
axially into the coupling 12 by the ram cylinders 84.

Also shown in FIG. 10 is a positive seal coupling installa-
tion data monitoring system (PSCIDMS) 96. The PSCIDMS
96 monitors, acquires, and saves data from the pressure trans-
ducers (not shown) in the hydraulic system of'the field joining
unit 58 and the linear displacement transducer built into the
operator-side ram cylinder 84. The PSCIDMS 96 can also
include a display 98, which can be a touch screen display, for
displaying the data to an operator of the field joining unit 58.
A hood 100 can be provided to protect the display 98, as well
as to reduce glare on the display 98, making the display 98
easier for an operator to read.

One purpose of the PSCIDMS 96 is to provide a real-time
graphic display of the coupling/pipe assembly 10 makeup
process, especially to monitor the pipe insertion depth into the
coupling. Another purpose is to generate a permanent record
of operation parameters, such as, for example, net ram pres-
sure vs. insertion depth, net ram axial load vs. insertion depth,
pipe door pressure, coupling door pressure, and both target
and actual insertion depth values. Optionally, all data can be
transferred from PSCIDMS 96 to a USB drive and then be
reviewed on a separate desktop computer. All data can also be
copied and pasted directly to its respective Positive Seal Cou-
pling (PSC) installation QA/QC forms.

Sample screen shots of the information displayed on the
display 98 of the PSCIDMS 96 are shown in FIGS. 14A-14G.
FIG. 14A shows the main menu screen, which is the main
navigation screen of the program. The following is the list of
the main menu buttons: 1) SETUP, where setup information
can be entered, 2) REVIEW, where data can be reviewed, 3)
DISK MGMT, which allows an operator to specify data stor-
age locations, 4) CALIBRATION, which allows for channel
setup, and 5) EXIT, which allows an operator to close the
PSCIDMS program.

FIG. 14B shows the SETUP screen. On this screen, the
operator can enter the setup information for a particular posi-
tive seal coupling (PSC) installation, job number, project
name, and/or pipeline name that is about to be assembled. The
screen shown in FIG. 14B is completely filled out. Informa-
tion can be entered into the fields by selecting a field, and then
selecting the KEYBOARD button, which brings up a virtual
keyboard. All the information entered will be automatically
written into the fields for the next make-up. If there are make-
ups for a particular job that have been done already, the
operator can also retrieve setup information (i.e. Job No.,
Project Name, Pipeline Name, etc.) by clicking the READ
SETUP button, thereby saving time and reducing the risk of
errors.

All the information entered at the start of a particular job/
project can be automatically carried over and written into the
SETUP screen for the next make-up. Thus, except for a few
data fields explained below, the operator may not need to
re-enter data on the SETUP screen from one make-up to the
next make-up. However, if desired, the operator can change
any fields. The following is a list of fields the operator may
need to fill: 1) Client Name & Representative, 2) Prime Con-
tractor Name & Representative, 3) PSC Installation Com-
pany, 4) JU Operator, 5) Jetair Int’] Installation Supervisor, 6)
PSC Installation Co. Job No., 7) Project Name, 8) Pipeline
Name, 9) Line Pipe Spec. NPSxWall t (in. & mm)xAPI 5L
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Grade, 10) PSCDC No., 11) PSC Serial No., 12) PSC Length
(PSC L), in., 13) PSC External Coating, 14) Flex Allowance
(will initially be entered as 0.00 until sufficient Flex Allow-
ance vs. Axial Load data has been developed from actual PSC
make-up insertion depths), 14) SRG PN; 15) Pipeline MAOP,
Min Hydrotest, Max Hydrotest, 16) Pipeline Installation (se-
lect the circle for either Above Grnd or Buried), 17) Line Pipe
Coating (select the box for either Internal or External, or both
boxes), 18) SRG Installed Check (select the box for Internal
after confirming that SRG is installed), and 19) Comments
(before or after PSC make-up the operator can enter any
desired comments or notes).

After the SETUP screen is completed and verified, the
operator can either navigate to the MONITORING Screen
(FIG. 14C) by clicking the RUN button, or go back to the
main menu screen by clicking the CANCEL button. Pressing
the RUN button takes the operator directly to the MONITOR-
ING screen.

FIG. 14C shows the MONITORING Screen, in which the
operator can view and monitor the following values during
the PSC make-up process: the net Ram pressure verses dis-
placement (insertion depth), the net Ram insertion force
verses displacement, and Pipe/Coupling door cylinders pres-
sures. As shown in FIG. 14C, Ram [PSI] is the white line
showing the net Ram insertion pressure in PSI (graph right
side'Y axis vs. graph bottom displacement X axis in inches),
Pipe [PSI] is the red line showing the Pipe door cylinders
pressure in PSI (graph right side Y axis vs. graph bottom
displacement X axis in inches), Coupling [PSI] is the green
line showing the Coupling door cylinders pressure in PSI
(graph right side Y axis vs. graph bottom displacement X axis
in inches), and Force [KIPS] is the blue line showing the
calculated net ram insertion force in 1,000 s of pounds (kips)
(graph left side Y axis vs. graph bottom displacement X axis
in inches).

In addition to displaying a graph with the data output from
the channels above, the key input data from the SETUP
Screen are also shown on the top of the MONITORING
screen, along with the Date and Time. (Note: the date and time
are set on the PSCIDMS can be the same as on any PC with
Windows installed. Exit the main menu screen to go to the
Desktop screen and double click on the time at the bottom
right.) The vertical Target Depth line is automatically calcu-
lated and entered on the graph by the program, based on the
coupling’s length which was previously entered on the Enter
Setup Information screen.

FIG. 14D shows REVIEW screen, which allows for previ-
ously recorded make-ups to be viewed graphically on site.
Upon pressing the REVIEW button on the main menu screen,
a box containing the text “Select a file to open” appears. The
operator needs to navigate through the folder until the appro-
priate file is located. Pressing the EXIT button closes the
graph and returns the operator to the main menu screen.

During the REVIEW process, the ‘Pressure’scale is adjust-
able to allow an operator to zoom in. With the keyboard ‘on
screen’, an operator can highlight the maximum pressure
shown (3000 psi on FIG. 14D) and input a new maximum
value. The scale will automatically adjust the pressure scale to
the new maximum value. This scale adjustment can be done
with the lower minimum pressure as well. In FIG. 14D, the
vertical yellow line is the program generated ‘Target Depth’
(insertion depth), and the vertical red line is the ‘Actual Inser-
tion’ (depth) from the Ram displacement transducer output.

FIG. 14E shows a separate REVIEW software that can be
included on the PSCIDMS software package. This separate
program must be installed on separate laptop or desktop com-
puter(s). This separate ‘Review Data’ program works the
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same way as the REVIEW button on the Main Menu screen
(from the Field Joining Unit 58) except that the ‘Review Data’
program has two more button on the screen, as shown in FI1G.
14E. These two buttons are PRINT and READ FILE. In
addition, the ‘Review Data’ window has a white background
for easier printing.

As shown in the diagram of FIG. 14E, Insertion Force
[KIPS]Y scale is on the right side of the screen and Pressure
[PSI]Y scale is on the left side, which is also different from
the Review Data screen (from the Field Joining Unit 58).

FIG. 14F shows a DISK MANAGEMENT screen that
identifies the location of files stored in the PSCIDMS. The
particular files shown in FIG. 14F are Excel (.xls) files. As can
be seen, each Job No. folder in the Data folder contains all
individual Make-up files in Excel (xIs) format just for that
particular job, automatically generated by the program. The
program will generate a Job No. folder once the first 1°* End
Make-up for the job is completed. For example, as shown in
FIG. 14E, Job No. folder J607 will be generated once the first
1% End Make-up (i.e. J607-8-IN PROOF-S1063C230-
T0001-0 shown on the right side) is completed. A Job No.
folder can be comprised of one letter and three numbers, as.
1**and 2" End Make-up Excel data files can automatically be
saved to the Job No. folder.

Once all of the 1°* and 2"? Ends Make-ups have been com-
pleted for a particular Job No., the operator can then transfer
the Job No. folder to the USB drive. The DISK MGMT screen
layout provides easy access to both the computer hard drive
(C by default) and the USB drive to execute the Job No. folder
transfer. Then, an operator can CUT and PASTE the Job No.
folder from the USB drive to laptop or desktop computer(s)
and CDs. These Make-up files can then be reviewed at any
time on the separate computers using the ‘Review Data’ pro-
gram.

FIG. 14G shows a CALIBRATION (Channel Setup)
screen on which manufacturer specified values are shown,
which values should be adjusted during re-calibration or
replacing a transducer. Examples of correct calibration values
are shown on the CALIBRATION screen as Calibrated at,
Cal. Factor, Cal. Offset, and Cal. Gain. These values are
automatically loaded into the computer upon PSCIDMS soft-
ware installation. They are also saved in the ‘Default Setup’
file located in the SETUP folder under the PSCIDMS Pro-
grams Folder.

The operator, however, should check the pressure trans-
ducers’ output when there is no hydraulic system pressure.
The pressure transducers’ output (Channel Names RAM,
Pipe, Coupling, and RAM2) are shown in the far right “Value’
column of the CALIBRATION screen. In some examples,
these Values should be checked before each start-up of the
HPU, or at least each morning, so that there is zero pressure
onthe hydraulic system. If any ‘Value’ reading is greater than
+10.0 from 0.00, it can be reset to at or near zero by pressing
the corresponding ‘Cal. Offset’ button shown in green and
circled. After doing this ‘reset’ exercise, the transducers
should be functioning properly and ready to begin recording
data. Also, the LVDT (Linear Voltage Displacement Trans-
ducer installed inside of the operator-side Ram cylinder)
channel “Value’ should not move or fluctuate until the Rams
are actuated.

Although the technology herein has been described with
reference to particular embodiments, it is to be understood
that these embodiments are merely illustrative of the prin-
ciples and applications of the present technology. It is there-
fore to be understood that numerous modifications can be
made to the illustrative embodiments and that other arrange-
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ments can be devised without departing from the spirit and
scope of the present technology as defined by the appended
claims.

That claimed is:

1. A hollow coupling for joining together two pipe ends and
having a center, two coupling ends, and an inner profile, the
coupling having a longitudinal axis, the inner profile com-
prising:

a serrated section having a plurality of threads extending
circumferentially around the inner diameter of the cou-
pling;

a curved section proximate the serrated section, and having
a surface that curves radially outward relative to the
longitudinal axis from the serrated section toward one of
the two coupling ends;

a smooth section adjacent an end of the coupling; and

a transition section between the curved section and the
smooth section, the transition section curving radially
inward toward the longitudinal axis from the curved
section to the smooth section, and having a smooth,
rounded profile that minimizes stress concentrations.

2. The hollow coupling of claim 1, the inner profile further

comprising:

a center section at the center of the coupling proximate the
serrated section and having a smooth profile surface.

3. The hollow coupling of claim 1, wherein the threads are
inwardly directed toward the longitudinal axis of the cou-
pling.

4. The hollow coupling of claim 1, wherein the threads are
discrete circumferential threads that act as redundant metal to
metal seals against a pipe end inserted into the coupling.

5. The hollow coupling of claim 4, wherein at least a
portion of the threads are helical threads for penetrating the
outer surface of a pipe end inserted into the coupling to create
mechanical resistance against separation of the coupling and
the pipe.

6. The hollow coupling of claim 1, wherein the inner profile
further comprises:

a pipe end receiving section between the end of the cou-
pling and the smooth section, the diameter of the pipe
end receiving section tapered from a relatively larger
diameter at a coupling end to a relatively smaller diam-
eter at the smooth section.

7. A hollow coupling for joining together two pipe ends and
having a longitudinal axis and an inner profile, the inner
profile comprising:

a plurality of serrations extending over at least a portion of
the inner profile and bounded by a first smooth end
surface and a second smooth central surface of the cou-
pling;

a first end serration bounding the plurality of serrations at
a first end, and providing a transition from the first
smooth end surface of the inner profile to the serrations;
and

a second end serration bounding the plurality of serrations
at a second end, and providing a transition from the
serrations to the second smooth central surface of the
inner profile;

the first end serration having a first radius and a second
radius, the first radius originating at the first smooth end
surface and curving radially inward relative to the lon-
gitudinal axis of the coupling from the first smooth end
surface toward the plurality of serrations, and the second
radius originating from the first radius, and curving radi-
ally outward relative to the longitudinal axis of the cou-
pling from the first radius toward the plurality of serra-
tions; and
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the second end serration having a third radius and a fourth
radius, the third radius originating at the plurality of
serrations and curving radially outward relative to the
longitudinal axis of the coupling from the plurality of
serrations toward the second smooth central surface, and
the fourth radius originating from the third radius and
curving radially inward relative to the longitudinal axis
of the coupling from the third radius toward the second
smooth central surface of the profile;

the first and second radii of the first end serration, and third

and fourth radii of the second end serration having
rounded profiles that reduce stress concentrations in the
coupling.

8. The hollow coupling of claim 7, wherein the plurality of
serrations are inwardly facing toward a center of the coupling.

9. The hollow coupling of claim 7, wherein a portion of the
serrations are helical serrations, and a portion of the serrations
are circumferential serrations.

10. The hollow coupling of claim 7, wherein all of the
serrations are circumferential serrations.

11. The hollow coupling of claim 7, wherein the plurality
of serrations each has a tip that extends inwardly toward a
center of the coupling a sufficient distance to engage the pipe
ends and create mechanical resistance against the separation
of the pipe ends from the coupling.

12. The hollow coupling of claim 7, wherein the first and
second radii of the first end serration are about 0.75 inches and
about 0.25 inches respectively.

13. The hollow coupling of claim 7, wherein the third and
fourth radii of the second end serration are about 1.5 and
about 0.5 inches respectively.

14. A coupling for joining together pipe ends and having a
first side with a first end and a second side with a second end,
the coupling having an inner profile comprising:

first and second serrated sections proximate the center

section on the first and second sides of the coupling
respectively, the first and second serrated sections hav-
ing a plurality of threads extending radially around the
inner diameter of the coupling;

first and second curved sections proximate the first and

second serrated sections respectively, the first and sec-
ond curved sections each having a surface that curves
radially outward relative the longitudinal axis from the

5

10

15

20

25

30

35

40

16

first and second serrated sections, respectively, toward
the first and second ends of the coupling;

first and second smooth sections adjacent first and second

ends of the coupling; and

first and second transition sections between the first and

second curved sections and the first and second smooth
section respectively, each of the first and second transi-
tion section having a surface that curves radially inward
relative to the longitudinal axis from the first and second
curved sections, respectively, to the first and second
sections, the first and second transition sections having a
smooth, rounded profile that minimizes stress concen-
trations.

15. The hollow coupling of claim 14, wherein the center
section has a smooth profile surface.

16. The hollow coupling of claim 14, wherein the threads
of the first and second serrated sections are discrete circum-
ferential threads that act as redundant metal to metal seals
against the pipe ends inserted into the coupling.

17. The hollow coupling of claim 16, wherein at least a
portion of the threads of the first and second serrated sections
are helical, and penetrate the outer surface of the pipe end
inserted into the coupling to create mechanical resistance
against separation of the coupling and the pipe.

18. The hollow coupling of claim 14, wherein the threads
of the first and second serrated sections are inwardly facing
toward a center of the coupling.

19. The hollow coupling of claim 15, further comprising:

an annular gasket positioned at the center of the coupling

for preventing direct contact between the pipe ends
when inserted into the coupling, and for forming a
redundant seal between the coupling and the pipe ends.

20. The hollow coupling of claim 14, wherein the inner
profile further comprises:

first and second pipe end receiving sections between the

first and second ends of the coupling and the first and
second smooth sections respectively, the diameter of the
first and second pipe end receiving sections tapered from
a diameter larger than the outer diameter of the pipe ends
at the first and second ends of the coupling to the rela-
tively larger diameter at the first and second ends of the
coupling to a relatively smaller diameter at the first and
second smooth sections.
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